Background/Objectives: To compare body fat mass at the same stage of pubertal maturation, genital stage 2 (G2), in a Spanish and in a Mexican sample of boys. Subjects/Methods: Data from Spain (n ¼ 177) were from a previous longitudinal clinical follow-up and data from Mexico (n ¼ 91) from a cross-sectional study. Subjects were grouped according to the presence of G2 at similar ages. Spanish sample was divided into boys with G2 at age 12 (n ¼ 60), 13 (n ¼ 74) and 14 (n ¼ 43). In Mexican sample, 23 boys were at G2 at 12 years, 38 at age 13 and 30 at 14 years. Height, weight, upper arm circumference and four skinfold thicknesses were recorded. Genital development was assessed (Tanner scale). Sum of four skinfolds (SUM), body mass index (BMI), percentage of body fat (%BF) and extremity/trunk skinfold ratio (ETR ¼ (triceps þ biceps)/(subscapular þ suprailiac)) was calculated. Results: When comparing subjects with different ages at G2 from the same country, or with the same age at G2 from different countries, no significant differences were found in adiposity variables (%BF, SUM), nor in BMI. Nevertheless, there were differences in body fat distribution: ETR was higher in Spanish boys (Po0.001), because of their greater triceps skinfold thickness (P ¼ 0.013), and due to the greater trunk fat stores in Mexican boys (Po0.01, subscapular and suprailiac skinfolds). Conclusions: There is a subcutaneous fat mass store characteristic of G2 in boys, which is not only independent of age, but is also observable in two different populations.
Introduction
The hypothesis that a determined body weight and a certain amount of body fat mass in girls must be attained before the onset of puberty (Frisch, 1990) was already postulated in the 1960s, when it was observed that pubertal timing was more accurately predicted by body weight than by chronological age (Kennedy and Mitra, 1963) . Nevertheless, this supposition has been challenged by eminent scholars (Johnston et al., 1975; Garn et al., 1983) and it still remains a subject of discussion. Nowadays, some studies confirmed the importance of adipose tissue during puberty (Himms-Hagen, 1999; Ong et al., 1999; Okada et al., 2005) . Measurements of leptin levels during peripubertal stages suggest its involvement in the onset of pubertal maturation, both in girls and boys (García-Mayor et al., 1997; Ahmed et al., 1999) . The organism may require special energy stores at the time of pubertal onset, to cope with the increased energy expenditure at puberty (Molnar and Schutz, 1997; Bitar et al., 2000) .
In an earlier longitudinal study using anthropometric data, we analyzed subcutaneous fat mass at pubertal onset in boys and girls starting puberty at different ages, and concluded that puberty begins with a distinctive subcutaneous fat mass for each sex (Vizmanos and Martí-Henneberg, 2000) . For this paper, we decided to reanalyze part of this study including only boys that presented genital stage 2 (G2) and to compare them with Mexican boys at the same pubertal stage. The aim was to corroborate the existence of a subcutaneous fat mass in boys, which is a proper characteristic of G2, independently of the chronological age of the event, in two populations with genetic and environmental differences.
Methods
Structure of the study Cross-sectional analysis of two studies: one conducted in Spain, the other one in Mexico. The Spanish data are part of a longitudinal research program about growth and development during puberty that began in 1987, in a representative sample of an urban Caucasian population from the northeast of Spain. All boys who were born in the first semester of 1976 in the city of Reus and identified from the census were assessed at the ages of 11, 12, 13, 14, 15 years and above.
Only those who showed a G2 at 12, 13 or 14 years are included in this paper (Vizmanos and Martí-Henneberg, 2000; Vizmanos et al., 2001 ).
The Mexican sample was taken from a Mestizo (mixed Indian and Spanish background) population of middle-low socioeconomic status residing in Guadalajara, a city in western Mexico with 3.5 million inhabitants, with commercial and industrial activities. The data corresponding to these children were taken from a cross-sectional study. We randomly selected a secondary school from a pool of schools that received children from different socioeconomic levels. We contacted all the schoolboys (n ¼ 446), and 396 were enrolled in the study, once confirmed consent was obtained from the subjects and their parents or tutors. We examined them in January 1999. Only the subjects between 11.5 and 14.4 years old were included. Of all the subjects assessed, 91 boys presented G2 at the medical examination. None of the subjects presented specific pathologies or clinical criteria of severe undernourishment that would have required their exclusion from the analysis.
Variables studied
The methodology was the same for both samples. At the clinical examination, genital development was assessed according to the genital Tanner scale by a male physician (Tanner, 1962) . In the longitudinal Spanish study the anthropometric measures were performed by a team of three trained, experienced and standardized physicians (Lohman et al., 1988) . One of them, BV, conducted the same anthropometric measurements in the Mexican fieldwork on her own: height (0.1 cm), weight (0.1 kg), three measurements of the same skinfold (0.1 mm) on each child, at the triceps, biceps, subscapular and suprailiac locations (TRI, BIC, SUB, SUP), of the nondominant side, and the upper arm circumference (0.1 cm) were recorded.
A number of indices were calculated for both samples: body mass index (BMI); the sum of four skinfolds (SUM); upper arm fat estimate (UFE) (Rolland-Cachera et al., 1997) ; the extremity/trunk ratio: ETR ¼ ((TRI þ BIC)/(SUB þ SUP)), and percentage of body fat (%BF) (Siri, 1956) , with values of body density obtained from Durnin's formula (Durnin and Rahaman, 1967) .
Subjects
The criterion used to group boys was to consider those at G2 on the Tanner scale (Tanner, 1962) at the moment of observation. G2 corresponds to an enlargement of the testes, the appearance of the scrotum becoming redder and an increase in scrotal rugations. For the Spanish longitudinal study, boys were evaluated within a month of their birthdays (age was not recorded). The Spanish sample composed of subjects with G2 at different ages (age-of-G2 groups): 12, 13 and 14 years (n ¼ 60, 74 and 43, respectively) with no variation in chronological age in each group. We included Mexican boys who presented G2 at 12 (interval: 11.5-12.4 years, n ¼ 23), 13 (12.5-13.4, n ¼ 38) or 14 years (13.5-14.4, n ¼ 30).
Statistical analysis
Unless otherwise stated, all values are presented as mean ± s.e.m. All analyses were conducted using SPSS program (version 10) and significance was set on Po0.05. Distribution was not normal in all variables for all the study groups; hence we performed Mann-Whitney U-tests to compare variables between both countries (in each age-of-G2 group). We compared the three subgroups of each country, using the Kruskall-Wallis test. On finding overall differences we performed multiple comparisons between groups using the Mann-Whitney U-test. We used analysis of covariance (ANCOVA), adjusted for age-of-G2 group, to compare data from the overall samples of both countries. To compare mean height values between different Mexican studies, we used t-test for independent samples.
Results
Mean anthropometric data of Mexican and Spanish subjects are shown in Table 1 . We did not observe differences in height, weight, BMI, SUM or %BF at any age, when comparing the subjects with the same age at G2 from both countries (Table 1) . However, the analysis of subcutaneous body fat distribution revealed differences between the Spanish and Mexican samples in the ETR, which is higher in Spanish boys at all ages of G2 (Po0.001). These differences are because of a greater TRI in the Spanish sample (P ¼ 0.02 at 14 years) and also because of a greater trunk fat storage in the Mexicans (SUB and SUP, Pp0.02 at 12 and at 13 years).
Although there were differences in weight (Po0.001 only for Spanish boys) and in height (Po0.001 and P ¼ 0.006 for Spanish and Mexican boys), no differences were found when comparing subjects from the same country with different ages of G2, neither in the variables related to the amount of adiposity (that is, SUM, %BF and UFE), nor in those related to subcutaneous fat distribution (TRI, BIC and SUP). We observed differences in the SUB among groups of different ages of G2 in the Spanish sample (P ¼ 0.008). Spanish boys showed differences in the ETR at G2 (P ¼ 0.031), which is greater in younger ages of G2.
When comparing data from the overall samples of both countries (Table 2) , we did not observe any differences either in total body growth (height, weight and BMI) or in the amount of adiposity (SUM, %BF or UFE). The analysis of subcutaneous body fat distribution revealed differences in the ETR between the Spanish and Mexican samples when all ages of G2 are mixed (Po0.001), being higher in Spanish boys. We also observed greater TRI in the Spanish sample (P ¼ 0.013), and greater trunk fat masses in Mexican boys (SUB and SUP, Po0.01).
Discussion
This paper suggests the existence of a characteristic total subcutaneous fat mass at G2 that is independent of age and environments, even though there were differences in body fat distribution, Mexican boys showing a more central fat distribution.
All the subjects were from an urban environment on the northern hemisphere. From a socioeconomic point of view, the Spanish sample is representative of the middle bracket in the country as a whole (gross domestic product (GDP) in 1998: US$13 830 per capita). The Mexican sample was integrated by children from different socioeconomic levels, who attended a state-funded school of prestige (GDP in 1998: US$4372 per capita). In terms of background, no 
Weight ( evidence of recent Spanish ancestry was found in the Mexican children. Another factor that differentiates these populations is the latitude and altitude at which they live. There exists a time lapse between the fieldwork of both studies (9-12 years) because the Spanish study was longitudinal (data at G2 was taken during [1987] [1988] [1989] [1990] . It is important to notice that if a secular trend exists in the variables implicated that could be influenced by ethnic background, geographical, socioeconomic factors and nutritional changes (Ong et al., 2006) , the absence of differences in comparisons would not supposed that populations are similar. Looking for this possible trend, we did not find any differences either in weight or in BMI (either between the countries at any age of G2; Table 1 or when comparing data between countries; Table 2 ). In our data, there were no significant differences between the two samples in terms of height. However, the clinical difference in height at 14 years of G2, along with less subcutaneous adiposity in extremities of Mexican subjects (TRI and UFE, P ¼ 0.02), could be the consequence of chronic nonclinical deficiencies that could lead to a later pubertal development.
Along with this, we analyzed if there had been a secular trend in growth in Mexican boys, to assume (if we did not observe significant differences) the comparability of data of body growth between Spanish and Mexican samples. Table 3 shows data of height according to chronological ages in different studies of Mexican boys, and the general data from the Spanish study.
We only found differences in height at similar chronological ages when we compared data of boys born in 1986 with those of Zapotec boys born in 1958 (an indigenous group of Mexico). The Mexican overall sample of boys born in 1986 was similar in height to the overall sample of Spanish boys, except for the group of 14 years (P ¼ 0.048, Spanish boys are taller; Table 1 ). There exist differences in height between Mexicans boys born in 1981 and those born in 1986, probably due to regional characteristics among the samples. According to these data, we did not find significant differences in growth between Mexican boys born in 1958 and those of the present study. Although we do not find a tendency in body size, populations have progressively increased their corpulence, measured as BMI. For the Mexican population, recent data (Olaiz-Fernández et al., 2006) showed an increase in the prevalence of overweight and obesity in Mexican adolescents. However, observing BMI at a chronological age is not the same as studying BMI according to pubertal stage.
To date, there are few references of anthropometric data at the G2 in boys and results are quite different. There is no homogeneity in mean BMI according to age of G2. For example, mean BMI (kg/m 2 ) in boys with G2 at 12 years is 22.2±1.0 (Travers et al., 1995) , 18.0±2.4 in Chilean population (Burrows et al., 2004) , and for Spanish and Mexican 19.0 ± 0.3 and 18.8 ± 0.7, respectively. At age of G2 at 13 years we found similar patterns: 18.0±2.5 in Chilean population (Burrows et al., 2004) , 20.6 (s.d. ¼ 3.8) in a more recent Spanish sample (Moreno et al., 2006) and for our Spanish and Mexican sample: 19.7 ± 0.3 and 20.1 ± 0.6, respectively. At age of G2 at 14 years 18.3±3.2 for Chilean population (Burrows et al., 2004) , 21.5 (s.d. ¼ 3.6) in a recent Spanish sample (Moreno et al., 2006) and for our Spanish and Mexican sample 19.7±0.2 and 19.6±0.3, respectively. Bini et al. (2000) found no differences in mean BMI between 744 boys with G2 at ages 9.5-14.5, subdivided in groups of 1 year (19.1 kg/m 2 ), and in a sample of Spanish boys aged 11-13.9 (Sarría et al., 1998) , mean BMI was 18.8 ± 2.2. These data only suggest a secular trend in BMI in the Spanish population, and that Chilean boys are thinner than others.
From another point of view, we previously found that BMI data differed among the four age-of-onset groups of Spanish boys (Po0.001), suggesting a tendency toward higher BMI values when pubertal onset occurs at older ages (Vizmanos and Martí-Henneberg, 2000) . However, when comparing Mexican and Spanish boys aged 12-14 at G2, we found no differences in BMI values either among groups of different ages of G2, or at same age of G2 between countries or in each country as a whole.
Nowadays, BMI is used as a screening tool to assess overweight and obesity. Nevertheless, an important number of adolescents classified as overweight or obese do not have really high adiposity (Rodríguez et al., 2004) . The study of body composition and maturation is imperative when (Ramos-Galván, 1975) Mexican Zapotec boys born in 1958 Mexican-American boys born in 1958 (Zavaleta and Malina, 1980) Spanish boys born in 1977 (Vizmanos et al, 2001) Mexican non-Mayan boys born in 1981 (Siniarska and Wolanski, 1999) Mexican boys born in 1986 (Vizmanos and Martí-Henneberg, 2003) Body fat at pubertal G2 stage B Vizmanos et al assessing young people. There is little data on adiposity in boys at G2. Despite skinfold measurements are poorly reproducible (Mei et al., 2007) , body fat estimation from skinfold thickness has a fairly good correlation with other standard methods (Parker et al., 2003) . In the Mexican study, all anthropometric measurements were performed by the same physician, who also worked on the Spanish study. Following the Spanish study mentioned above (Sarría et al., 1998) , we inferred the sum of the same four skinfolds that we measured in our study, finding the sum to be 28.9 mm in the group of boys aged 11-14 years. Buckler (1990) found that the average of the same sum of skinfolds between 12 and 14 years was approximately 24.2 mm. These values are lower than our figures at G2 (42.9 and 47.4 mm, in Spanish and Mexican whole samples, respectively); probably due to differences in the overall mean chronological age at the same maturation stage or perhaps due to a tendency of increasing adiposity in the young population. When comparing %BF at 12 years, in Mexican and in Spanish boys, results are similar to those reported in Japanese boys: 21.3±1.0 (Okada et al., 2005) . Comparisons between Mexican and Spanish samples at G2 show no differences in the sum of four skinfolds or in the %BF mass. Nevertheless, ETR was always significantly higher in the Spanish boys, because they have a larger peripheral store and in Mexican boys, trunk skinfolds are thicker (Tables 1 and 2 ). However, a low ETR points to metabolic or cardiovascular risk. In a longitudinal study, early maturing boys were associated with greater skinfold thicknesses on the trunk but with no differences among late maturers in the skinfolds of the extremities (Beunen et al., 1994) . Another index calculated, UFE, is positively correlated with body fat mass measured by dual-energy X-ray absorptiometry (Rolland-Cachera et al., 1997) . We found greater values of UFE in the Spanish boys than in the Mexican boys, with G2 at 14 years (P ¼ 0.02; Table 1 ). All these results can be related to the findings of a study carried out in Mexican-American children (Kaplowitz et al., 1989) where boys have an increased fat deposit on the upper trunk locations. Maybe there could be differences in the timing of pubertal maturation between the Spanish and the Mexican population, and perhaps the earliest maturers are Mexican boys (more fat in central deposits). It has been pointed that there exists a secular decrease in the average age of the onset of genital development in the Mexican-American boys in the 1980s and early 1990s (Himes, 2006) , but major studies are necessary and all ages at G2 must be considered. Also, we support the usefulness of presenting apart from the indexes, the values of the skinfolds per se, to distinguish different fat localization (Malina et al., 1999) .
Body adiposity reflected on leptin levels could contribute to puberty's onset (Ong et al., 2006) . When comparing studies that analyzed leptin levels at pubertal onset in boys, we found different data: 2 (Blum et al., 1997; Ahmed et al., 1999 ), 4 (García-Mayor et al., 1997 Mantzoros et al., 1997) and 7 mg/l in nine boys with G2 (Horlick et al., 2000) . These discrepancies may have been due to differences in the leptin test itself, or to methodological differences when grouping or establishing pubertal onset. This fact would suggest a lack of consensus on the clinical criteria that should be used to determine or categorize this pubertal situation. Ideally, anthropometric or hormonal studies in adolescents should include not only the maturation stages, but also the mean age of the sample in each maturational stage. This could allow us to better understand the great variability in the results, and would let us generate more productive discussions.
The great importance of the timing and progress of puberty for clinical practice and for a wide range of research issues amply justifies the high priority for their inclusion in major studies of adolescent health and development (Himes, 2006) .
Conclusions
In conclusion, the parameters that evaluate total subcutaneous body fat, such as SUM and %BF, corroborate our hypothesis that in Spanish and Mexican boys, pubertal G2 is associated with a characteristic fat mass that is independent of chronological age; even though Mexican boys show a more central fat distribution than Spanish boys.
The differences observed could be related to a genetic specificity in fat distribution in the Mexican and in the Spanish children, or perhaps to different trends on adiposity or patterns of maturation.
Future studies
The energy requirements in children at an early stage of puberty (Bitar et al., 2000) could suggest the need of energy storage for these changes. Other studies have shown that each of the crucial phases of children's development is accompanied by a distinctive subcutaneous fat mass (IulianoBurns et al., 2001) . It seems important to study patterns of subcutaneous adiposity according to different timing of puberty, to have a better comprehension of these biological changes.
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